Objective. To determine the epidemiology of invasive pneumococcal disease (IPD) 
cines are highly effective in reducing the pneumococcal disease rates in young children and reducing the rates of disease due to resistant strains (5) (6) (7) (8) (9) . However, there are important geographical differences in invasive pneumococcal disease (IPD) rates and serotype frequency in young children around the globe (10) (11) (12) (13) .
In areas of the world were the conjugated vaccine is being introduced in the general population (e.g., Peru), it is important to determine the burden of pneumococcal diseases in order to develop effective country-specific vaccine strategies, and implement strong sustained surveillance to monitor the effect of vaccination (14) . Because there is no data available on the burden of pneumococcal diseases in Peru, a passive surveillance study was conducted to determine the epidemiology of IPD, the disease severity, the antibiotic susceptibility, and serotype distribution of S. pneumoniae in pediatric patients in Lima, Peru.
MATERIALS AND METHODS

Study design
This was a 2-year prospective, passive, multicenter surveillance study of IPD in 11 public hospitals and five private clinical laboratories in Lima. Of the 11 hospitals, eight were Ministry of Health (MINSA) institutions: Instituto Nacional de Salud del Niño, Hospital de Emergencias Pediátricas, Hospital Nacional Cayetano Heredia, Hospital Nacional Docente Madre-Niño San Bartolomé, Hospital Daniel A. Carrión, Hospital María Auxiliadora, Hospital Hipólito Unanue, Hospital Arzobispo Loayza; and three were Social Security (EsSalud) institutions: Hospital Edgardo Rebagliati, Hospital Guillermo Almenara, and Hospital Sabogal. The five private laboratories were: Blufstein, MedLab, AngloLab, Roe, and Suiza Lab.
This was a passive surveillance study in that only cultures for S. pneumoniae were collected. An active surveillance study was not conducted, i.e., additional cultures for suspected cases of invasive disease were not performed. Cultures had been ordered by the attending physicians based on clinical judgment and the hospital's protocol. The study was approved by the Institutional Review Board of the Universidad Peruana Cayetano Heredia (Lima, Peru) and by each participating hospital's board.
Case definition
Invasive pneumococcal disease cases were defined by isolation of S. pneumoniae from a normally sterile site (blood, cerebral spinal fluid [CSF] , pleural fluid, joint fluid, or peritoneal fluid) from patients less than 16 years of age, admitted by the participating hospitals. S. pneumoniae isolates from non-sterile sites (nasopharynx, pharynx, tonsils, or sputum) were excluded. Clinical and epidemiological data were obtained from the medical charts. The diagnosis of pneumonia, meningitis, sepsis, and other diagnosis were clinical definitions taken from medical records. Pneumococcal pneumonia was defined by a positive blood or pleural fluid culture in the presence of an infectious process with fever and respiratory distress and evidence of pulmonary infiltrates on the chest X-ray. Pneumococcal meningitis was defined by a positive CSF or blood culture in the presence of an infectious process with fever, and signs and symptoms of neurological involvement and an abnormal CSF. Pneumococcal sepsis was defined by a positive blood culture in the presence of a systemic inflammatory response syndrome (SIRS).
Incidence rate determination
Since the Ministry of Health did not have exact data on the populations served by each hospital in each district of the Province of Lima, the IPD rate was determined using an estimate based on each district's population and the number of hospitals and clinics available. Accordingly, it was determined that an estimated 75% of the total pediatric population is served by the study's participating hospitals and clinics. The mean annual IPD rate (number of cases/ 100 000 children) was calculated based on rates in the study's first and second years among children < 2 years of age (1 month-24 months of age) and < 5 years of age (1 month-60 months of age). 
Statistical analysis
This is a descriptive study; the data is presented as number of cases and percentages. Comparisons were done using Chi square with Yates correction, Student t-test, and non-parametric test according to the variables evaluated.
RESULTS
The study was conducted in the city of Lima, which has a population of 7 443 766, including 249 799 children less than 24 months of age, and 773 280 children less than 60 months of age. The estimated, mean annual rate of IPD in children less than 24 months of age was 18.4/100 000 (17.1/100 000 in the first year of the study, and 19.8/100 000 in the second year). The estimated mean annual rate of IPD in children younger than 60 months of age was 7.7/100 000 (7.1/100 000 in the first year of the study, and 8.3/ 100 000 in the second year).
In May 2006-April 2008, 101 invasive pneumococcal disease episodes from 97 patients were studied (4 patients had 2 separate episodes of IPD). Patient age ranged from 1 month-15.8 years, with a median of 1.2 years; 68.3% of episodes were in children < 2 years of age ( Table  1) . The main diagnoses were pneumonia and meningitis. More than one-third of all patients had an underlying illness, had been previously hospitalized, and had received antibiotics in the prior 3 months. Only 8.6% (6/70) of patients attended daycare. None of the children had been vaccinated with the heptavalent conjugated pneumococcal vaccine or the 23-valent vaccine. All samples were collected prior to the introduction of the heptavalent conjugated vaccine (PCV-7) in the National Immunization Program in Peru.
Followup data was available for 91 patients: 59 (64.8%) were discharged in good condition; 7 (7.6%) had minor general sequelae; 5 (5.5%) had severe neurological sequelae; and 20 (22.0%) died. The case fatality rate was 16.3% (7/43) for pneumonia; 25.0% (2/8) for sepsis; and 32.3% (11/34) for meningitis. The overall case fatality rate was 22.0% (22/91); 80.0% of fatal cases were in those less than 24 months of age versus 50.7% of non-fatal cases (P < 0.05) ( Table  2 ). There were no other significant differences between fatal and non-fatal cases.
Antibiotic resistance rates were high for TMP/SMX (76.2%), erythromycin (24.8%), and penicillin (22.8%) ( Table 3 ). The resistance rates for meningeal and non-meningeal isolates for penicillin and ceftriaxone are shown in Figure 1 . Penicillin and ceftriaxone non-susceptible strains were significantly more frequent in meningeal, than in non-meningeal isolates (46.2% vs. 8.1%, P < 0.00; and 23.1% vs. 4.8%, P < 0.01, respectively). Resistance rates (intermediate and high) were higher for children more than 2 years of age than for those younger regarding erythromycin (40.6% vs. 17.4%, P <0.05) and penicillin (34.4% vs. 17.4%, P = 0.05), but not significantly different for ceftriaxone (15.6% vs. 10.1%), chloramphenicol (12.5% vs. 11.6%), and TMP/SMX (65.6% vs. 81.2%). Multi-drug resistance (high level resistance by MIC for ≥ three antibiotics) was present in 16.8% of strains.
Ninety nine (98.0%) strains were available for serotyping (two strains did not grow after storage); 24 different serotypes were found. Serotype distribution is shown in Table 4 . The most common serotypes were 14, 6B, 19F, 23F, and 5 which accounted for 69.7% of all strains and 87.0% of penicillin non-susceptible strains ( Figure 2 ). The most common serotypes among penicillin non-susceptible isolates were 14, 19F, and 6B. Notably, serotype 19A represented only 4.0% of all isolates, but accounted for 13.0% of penicillin non-susceptible isolates, although this difference was not statistically significant. The most common serotypes in patients with pneumonia were 1 (31.3%) and 6B (22.9%); and in patients with meningitis, 14 (23.1%), 6B (23.1%) and 19F (17.9%). The estimated coverage by the 7-valent conjugated vaccine was 66.7% in all age groups, 68.6% in children less than 6 years of age, and 71.6% in children less than 2 years of age (Table 5) .
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DISCUSSION
The estimated mean IPD rate in children less than 24 months of age in Lima was 18.4/100 000, which is lower than rates reported from studies done with the same passive surveillance method in other Latin American countries (16, 17) , and much lower compared to active surveillance studies that also included ambulatory patients (18, 19) . However, the rate of IPD estimated by this study is based on cases admitted to select hospitals in Lima, and is therefore, an underestimate of the true burden of IPD in Peru. In addition, one of the study's limitations was that the incidence of IPD was calculated based on an estimatethat 75% of the total population of the Province of Lima receives health care in the hospitals and private clinics that participated in the study. However, this is believed to be a conservative estimate; again, the real burden of IPD is probably much higher. Regardless, this study represents important baseline data for evaluation of the effects after vaccine introduction in Peru.
Mortality from IPD is high in developing countries (14, 16, 20, 21) , but varies widely according to clinical presentation, meningitis being the highest. The case fatality rate of IPD in hospitalized children in Lima was 22.0%, high compared to 17% in a recent, similar study in Chile (16) , and 14% in Costa Rica (20) ; and much higher than active surveillance studies in Chile (5%) (18) and Argentina
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• Invasive pneumococcal diseases in hospitalized children in Lima (2%) (19) , which have included patients with occult bacteremia with a very low case fatality rate. Meningitis patients had the highest case fatality rate at 32.4%, comparable to that of other developing countries (21) (22) (23) . Of note is that most fatal IPD cases were in young children and not associated with a higher proportion of penicillin-resistant strains. Using the new 2008 CLSI/NCCLS breakpoints (15), penicillin resistance was uncommon (8.1%) in non-meningeal (pneumonia) isolates and common (46.2%) in meningeal isolates. With these resistance levels, penicillin remains the drug of choice for the treatment of nonmeningeal pneumococcal infections (pneumonia) in Peru. However, for empiric treatment of pediatric meningitis, physicians in Lima should use ceftriaxone or other third-generation cephalosporin.
With the current ceftriaxone resistance levels (3% high resistance), adding vancomycin for the initial empiric therapy in all patients with meningitis is debatable.
Nevertheless, antibiotic resistance is increasing in Latin America (24) , and continuous monitoring of these trends is important. Previous studies in Peru reported penicillin resistance rates of 15% (25) and 37% (26) in nasopharyngeal carriage studies in children, and 27% in pediatric IPD (27) . However, these studies are not comparable, since they were done using previous CLSI/NCCLS breakpoints.
In the present study, the theoretical estimated coverage by the heptavalent conjugated vaccine (PCV-7; serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F) was 68.6% in children less than 6 years of age; 75.6% with the 10-valent conjugated vaccine (PCV-10; serotypes contained in PCV-7, plus serotypes 1, 5, and 7F); and 86.0% with the 13-valent conjugated vaccine (PCV-13; serotypes contained in PCV-10, plus serotypes 3, 6A, and 19A). This concurs with a recent report from the National Institute of Health (Peru) of a passive surveillance study of IPD in children less than 5 years of age. In this national study, the most common serotypes found in 188 strains collected in 2000-2007 were 14 (39.4%), 6B (9.6%), 5 (8.5%), and 19F (4.3%), with an estimated PCV-7 coverage of 59% (personal communication, Dr. Sara Morales, Centro Nacional de Salud Pública, Instituto Nacional de Salud, Peru, 2008). The National Immunization Program in Peru started vaccination against pneumococcus in 2009. All infants should be immunized with the pneumococcal conjugate vaccine at 3, 5, and 12 months of age (2+1 schedule). Those in high-risk groups receive one additional dose if they are 2-5 years old. In Peru, PCV-7 vaccine is currently the only licensed pneumococcal vaccine.
The estimated coverage of PCV-7 in Latin America varies from 56%-73% (16, 19, 24, 28, 29) . Of note in the present study, serotype 14 was the most predominant-responsible for one-forth of all invasive cases, almost one-third of the pneumonia cases, and one-third of the penicillin non-susceptible strains-just as it is in other Latin American countries. However, there are some variations in the relative frequency of serotypes 1 and 5, which are thought to be occurring more frequently in non-industrialized countries and are serotypes present in the new 10-and 13-valent pneumococcal conjugate vaccines. In the present study, these two serotypes represented only 6% of all strains, compared to 14% in Chile (16) 
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RESUMEN
Enfermedades neumocócicas
invasoras en niños hospitalizados en Lima, Perú
